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Remodeling of CalciumHandling in Rat Left Atrial Myocytes in a Surgical
Model of Elevated Afterload
Andrew F. James1, Haifei Zhang1, Shang Jin Kim1,2, Clive H. Orchard1.
1University of Bristol, Bristol, United Kingdom, 2Chonbuk National
University, Jeonju, Korea, Republic of.
Remodeling of the atrial myocardium in heart disease is suggested to increase
the risk of atrial fibrillation (AF). Abnormal Ca2þ handling is also thought to
play a key role in the genesis of AF. In the present study we investigated
Ca2þ handling in left atrial myocytes from a rat model of elevated afterload
produced by surgical banding of the ascending aorta (AoB), which was com-
pared with sham-operated controls (Sham). Cells were isolated at 20 weeks
following surgery, corresponding to a pre-heart failure stage of remodeling.
Isolated cells were either stained with the lipophilic dye di-8-ANEPPS, or
loaded with the Ca2þ-fluophore, fluo-3, and imaged using laser scanning
confocal microscopy. Measurements of cell volume and surface area from
di-8-ANEPPS-stained cells demonstrated that cells from AoB animals were
hypertrophied in comparison with cells from Sham controls. Fluo-3-loaded
cells were superfused with Tyrode’s solution (~22C), stimulated via field
electrodes and changes in [Ca2þ]i monitored using line-scan imaging. The
amplitude of the electrically stimulated Ca2þ transient was greater in AoB
than in Sham cells. Rapid application of caffeine (10 mM) was used to de-
plete sarcoplasmic reticulum (SR) Ca2þ: The amplitude of the caffeine-
induced Ca2þ transient was greater in AoB than in Sham cells, consistent
with a larger SR Ca2þ content in AoB than in Sham cells. The incidence
and frequency of spontaneous Ca2þ transients following a burst of pacing
at 4 Hz was greater in AoB cells than in Sham cells. In summary, our
data demonstrate for the first time remodeling of atrial myocyte Ca2þ han-
dling in a pre-heart failure model of elevated afterload. Changes in atrial
Ca2þ handling in response to elevated afterload may contribute to increased
susceptibility to AF in hypertension.
Supported by the BHF (PG/07/101).
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The Golgi Apparatus is a Juxtanuclear Ca2þ Store Regulated by
b1-Adrenergic Signalling via Both PKA and EPAC Pathways
Zhaokang Yang, Derek S. Steele.
University of Leeds, Leeds, United Kingdom.
In adult cardiac cells, the Golgi apparatus (GA) was identified as the source of
prolonged Ca2þ signals that originate from the nuclear ‘pole’ regions and in-
vade the nucleoplasm. Golgi Ca2þ release (GCR) was facilitated by b1-adreno-
ceptor activation although the response was blunted markedly by local
phosphodiesterase (PDE)-3 and PDE-4 activity, reflecting functional compart-
mentalization of cAMP signalling. Against a background of subthreshold b1-
adrenoceptor stimulation (2 nM isoproterenol), but not in its absence,
the selective Epac activator 8-CPT (10 mM) potently stimulated GCR via a
CaMKII-dependent pathway. Once initiated, GCR was entirely unaffected by
whole cell Ca2þ transients (i.e. spontaneous Ca2þ waves or triggered Ca2þ re-
lease) originating from the sarcoplasmic reticulum (SR). However, GCR was
selectively blocked by the GA disrupting agent illimaquinone, while SR func-
tion (i.e. total SR Ca2þ content, Ca2þ sparks and waves) was unaffected. GCR
was also blocked by pre-treatment with ryanodine (10 mM), suggesting that
Ca2þ release from the GA is mediated by ryanodine receptors. These data sug-
gest that in adult ventricular myocytes, the GA can act as a source of nuclear
Ca2þ that is functionally distinct from the SR and regulated by b1-adrenergic
signalling via both PKA and Epac pathways.
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RyR2(R4496C) Expression Induces Sinoatrial Node Dysfunction
Patricia Neco1, Angelo Torrente1, Esther Zorio2, Silvia G. Priori3,
Sylvain Richard1, Jean-Pierre Benitah1, Matteo Mangoni1, Ana M. Gomez1.
1Inserm, Montpellier, France, 2Hospital Universitario La Fe, Valencia, Spain,
3University of Pavia, Pavia, Italy.
Catecholaminergic Polymorphic Ventricular Tachycardia (CPVT) is an ar-
rhythmogenic disease characterized by stress-triggered syncope and sudden
death. While ventricular tachycardia appears only during stress conditions,
CPVT patients manifest basal sino-atrial node (SAN) dysfunction, but the un-
derlying mechanism remains unknown. We investigated Ca2þ handling on
SAN from transgenic mice expressing the CPVT ryanodine receptor R4496C
mutation (RyR2R4496C) and on their wild type (WT) littermates. A 2-fold in-
crease of Ca2þ spark frequency in RyRR4496C SAN cells was recorded in basalconditions during the diastolic periods. beta-adrenergic stimulation with 20 nM
isoproterenol, multiplied by ~10-fold the occurrence of Ca2þ sparks and Ca2þ
waves. Spontaneous [Ca2þ]i transients recorded by confocal microscope in iso-
lated SAN from RyR2R4496C mice presented a slower beating rate than WT
SAN and an impaired positive chronotropic response to beta-adrenergic stim-
ulation. Moreover, isoproterenol induced the appearance of [Ca2þ]i transients
and action potentials pauses in 75% of RyR2R4496C SAN cells. Caffeine exper-
iments showed that the sarcoplasmic reticulum (SR) Ca2þ load was signifi-
cantly reduced in the RyR2R4496C SAN cells. In vivo telemetric recordings of
electrocardiograms (ECG) identified atrial and junctional escape beats over-
coming sinus pauses in RyR2R4496C mice following isoproterenol injection
consistent with the pauses recorded in isolated SAN. Similar ECGs were ob-
served in CPVT patients during exercise testing, validating the animal model.
We conclude that the increased activity of the RyR2R4496C SAN cells during
diastolic periods unloads the SR with Ca2þ, participating in SAN dysfunction
in CPVT.
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Stretch-Dependent ROS Production and Ca2þ Signaling in Single Cardio-
myocytes
Benjamin L. Prosser1, Christopher W. Ward2, W. Jonathan Lederer1.
1University of Maryland School of Medicine, Baltimore, MD, USA,
2University of Maryland School of Nursing, Baltimore, MD, USA.
We have developed a novel technique to robustly attach and stretch single,
intact cardiomyocytes using a biological adhesive, MyoTak. Utilizing this sys-
tem, we have examined the mechanisms by which ‘‘stretch-activated Ca2þ
sparks’’ (Iribe et. al., 2009) are produced. Stretching a single myocyte by
a "physiological" amount leads to a rapid (~100ms) but transient increase in
diastolic Ca2þ spark rate. Additionally, stretch can produce arrhythmogenic
Ca2þ waves, particularly under conditions of Ca2þ overload. Stretch-
dependent sparks and waves are augmented by low concentrations of caffeine,
suggesting that stretch-dependent increases in Ca2þ release are due to in-
creased sensitivity of the ryanodine receptors (RyR2) to [Ca2þ]i. We previ-
ously reported that de-polymerization of microtubules by colchicine
application blocked the stretch-dependent Ca2þ spark burst. Here we show
that either colchicine or the anti-oxidant n-acetyl cysteine (NAC) abrogate
stretch-activated sparks. This suggests that the stretch-dependent pathway de-
pends not only on microtubules but also on the generation of reactive oxygen
species (ROS). Using dichlorofluorescein (DCF) to detect cytosolic ROS, we
show that stretch triggers an increase in ROS production within seconds,
which then returns to baseline levels upon release of stretch. Additionally, ei-
ther colchicine or diphenyleneiodonium (DPI), an NADPH oxidase (NOX) in-
hibitor, prevent stretch-dependent ROS production, implicating NOX as
a source of stretch-dependent ROS. In summary, our findings suggest that
stretch rapidly triggers ROS production via a microtubule and NOX-
dependent pathway, oxidizing RyR2s and leading to a burst of Ca2þ sparks
and increased probability of Ca2þ waves. The roles played by microtubules
and NOX suggest that this stretch-dependent signaling contributes to the phys-
iological regulation of SR Ca2þ release. Our discovery of the link between
stretch and the initiation of arrhythmogenic Ca2þ waves suggests that it
may also contribute to disease progression and thus form a novel therapeutic
target.
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Small Ca2þ Release Events in Rabbit Ventricular Myocytes
Didier X.P. Brochet1, Dongmei Yang2, Heping Cheng3,
W. Jonathan Lederer1.
1BioMET, Baltimore, MD, USA, 2NIA/NIH, Baltimore, MD, USA, 3Peking
University, Beijing, China.
The cell-wide Ca2þ release that occurs during excitation-contraction coupling
in heart is thought to arise from the synchronized activation of many elemen-
tary calcium release events, Ca2þ sparks. Using cytosolic Ca2þ sensitive fluo-
rescent indicators like fluo-4, Ca2þ sparks have been visualized in diverse
tissues (muscles, neurons and even non-excitable cells) and species (rat, mouse,
rabbit, dog, cat and human). During the time when Ca2þ is being released from
the sarcoplasmic reticulum (SR) in heart during a single Ca2þ sparks, a recipro-
cal Ca2þ depletion is occurring in the SR and this can be visualized with low
affinity Ca2þ indicators like fluo-5N loaded into the SR. Such events, known
as Ca2þ blinks, can be measured and they reveal the depletion signal with
high temporal (milliseconds) and spatial resolution (Brochet et al., PNAS,
2005) and thus reveal information on the inner workings of the SR. The SR or-
ganelle must be in excellent optical focus when Ca2þ sparks and Ca2þ blinks
are obtained simultaneously and has enabled us to visualize a population of
Ca2þ release events that are smaller than Ca2þ sparks. These "sub-spark"
Ca2þ release events have been named ‘quarky’ Ca2þ release events. Here we
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(across several sarcomeres). The mechanisms whereby local and extensive
quarky Ca2þ release events may occur will be discussed. The existence of
such quarky Ca2þ release co-mingled with the more prominent Ca2þ spark
based Ca2þ release provides important new understanding of cardiac Ca2þ sig-
naling in health and disease.
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Cardiac Ryanodine Receptor Phosphorylation at Ser2808 is Involved in
Intra-SR Calcium Sensing
Nina D. Ullrich, Ernst Niggli.
University of Bern, Department of Physiology, Bern, Switzerland.
During stress, cardiac function is enhanced via b-adrenergic stimulation.
Phosphorylation of cardiac ryanodine receptors (RyR2) has been proposed
to lead to increased Ca2þ release from the sarcoplasmic reticulum (SR), but
experimental findings are controversial. Using cardiomyocytes lacking the
PKA phosphorylation site Ser2808 on RyR2 we previously observed that
this site contributes to improved spatio-temporal synchronization of Ca2þ re-
lease during EC-coupling under b-adrenergic stimulation, presumably by
a Ca2þ sensing mechanism inside the SR. Here, we further tested the hypoth-
esis that Ser2808 phosphorylation modulates RyR2 function via its depen-
dence on [Ca2þ]SR. Cardiomyocytes from control and S2808A mice were
loaded with fluo-3-AM and Ca2þ was imaged with confocal line-scans.
Ca2þ waves were induced by increasing external [Ca2þ] to 10mM and ana-
lyzed in control and during b-stimulation with isoproterenol (1mM). In control
conditions Ca2þ transients during a wave showed a comparable amplitude and
time course. However, wave speed was reduced by 25% in S2808A cells, pos-
sibly related to a lack of background phosphorylation at this site. While ISO
increased wave speed by 15% in control cells (from 98 to 113mm/s), it re-
mained unaffected in S2808A cells (from 73 to 75mm/s). This situation could
be reproduced in control cells preincubated with the PKA inhibitor H89 or the
CaMKII inhibitor KN93, indicating a complex regulation of CICR that is
pharmacologically difficult to dissect in intact cells. Taken together our find-
ings in S2808A myocytes reveal a lack of Ca2þ release synchronization (via
an intra-SR Ca2þ sensing mechanism) and an ablation of Ca2þ wave speed
modulation (presumably by the same mechanism) by b-adrenergic stimula-
tion. Thus, Ser2808 phosphorylation may change the sensitivity of the
RyR2 for intra-SR Ca2þ. Hyperphosphorylation of Ser2808, as in failing
hearts, may thereby render RyR2 hypersensitive and contribute to increased
Ca2þ leak.
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Different Capabilities for CICR of Skeletal Muscle of Amphibians and
Mammals, Demonstrated through the Response to Artificial Ca Sparks
Lourdes Figueroa1, Vyacheslav Shkryl1, Jingsong Zhou1,
Atsuya Momotake2, Graham Ellis-Davies3, Lothar A. Blatter1,
Gustavo Brum4, Eduardo Rios1.
1Rush University, Chicago, IL, USA, 2Tsukuba University, Ibaraki, Japan,
3Mt. Sinai Medical School, New York, NY, USA, 4Universidad de la
Repu´blica, Montevideo, Uruguay.
To probe CICR (Endo, Phys. Rev. 2009), single skeletal muscle cells were
stimulated with artificial Ca2þ sparks generated by spot 2-photon breakdown
of NDBF-EGTA, while their Ca2þ response was monitored by confocal im-
aging of fluorescence of fluo 4FF. The cells had their plasmalemma permea-
bilized. Sparks were applied either inside cells or slightly outside, a method
that avoids photodamage and allows measurement of the triggering [Ca2þ] at
precisely the time when the cellular response is elicited. Frog skeletal muscle
fibers usually responded to stimuli > 1 mM with a propagating, all-or-none
Ca2þ wave. The moving wavefront peaked at 3-5 mM; the calculated Ca2þ
release flux peaked at 50-100 mM/s and the wave velocity was ~100 mm/s
(and slightly faster in the axial direction). In other cases a ‘‘frustrated’’ re-
sponse was generated, which stopped after propagating for 20-30 mm, usually
following progressive reduction in Ca2þ release flux. In striking contrast, the
same stimuli failed to elicit a response when applied to cells of the mouse
FDB muscle. Variants of the stimulus included ‘‘whorls’’ (2-P radiation in
scribbles that covered regions of ~3 mm diameter), involving much greater
amounts of Ca2þ than an artificial spark. Whether placed outside or inside
the cells, even at intensities that caused persistent cell damage, whorls eli-
cited neither the fully propagated nor the frustrated response. These results
directly demonstrate that frog muscle is capable of CICR but do not prove
a physiologic role, as they were obtained on permeabilized cells. In conclu-
sion, mammalian muscle does not have the CICR capability, which other
works have associated with the presence of RyR isoform 3 (Pouvreau
et al., PNAS 2007; Legrand et al., J. Physiol. 2008). Supported by NIAMS
and NHLBI (NIH).1912-Plat
Orai1-Mediated Calcium Entry Controls the Cytosolic Calcium Concen-
tration and SR Calcium Loading in Quiescent Myotubes
Jose M. Eltit1, Hongli Li1,2, Hiroshi Takeshima3, Jianjie Ma4,
Jose R. Lopez1, Paul D. Allen1.
1Brigham and Women’s Hospital, Boston, MA, USA, 2Third Military
Medical University, Chongqing, China, 3Kyoto University, Kyoto, Japan,
4Robert Wood Johnson Medical School, Piscataway, NJ, USA.
In the absence of store depletion plasmalemmal Ca2þ permeability in resting
muscle is very low and its contribution in the maintenance of Ca2þ homeostasis
at rest has not been studied in detail. Junctophilin 1 knockout myotubes (JP1
KO) have a severe reduction in Store Operated Ca2þ Entry (SOCE), presum-
ably caused by physical alteration of the sarcoplasmic reticulum (SR) and T tu-
bule junction leading to disruption of the SR signal sent by Stim1 to activate
Orai1. Using JP1 KO myotubes as a model, we assessed the contribution of
Orai1 mediated Ca2þ entry pathway on the overall Ca2þ homeostasis at rest
with no store depletion. JP1 KO myotubes have decreased Ca2þ entry, myo-
plasmic [Ca2þ]rest and SR Ca
2þ content compared to Wt myotubes and unlike
Wt myotubes, are refractory to BTP2, a Ca2þ entry blocker. JP1 KO myotubes
show down regulation of Orai1 and STIM1 proteins suggesting that this path-
way may be important in the control of resting Ca2þ homeostasis. Wt myotubes
stably transduced with Orai1(E190Q) had similar alterations in their resting
Ca2þ homeostasis as JP1 KO myotubes and were also unresponsive to BTP2.
JP1 KO cells show decreased expression of TRPC1 and 3 but over-express
TRPC4 and 6, on the other hand the TRPCs expression profile in Orai1
(E190Q) myotubes was comparable toWt. These data suggest that an important
fraction of the resting plasmalemmal Ca2þ permeability is mediated by the
Orai1 pathway, which contributes to the control of [Ca2þ]rest and resting
Ca2þ stores and that this pathway is defective in JP1 KO myotubes.
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Structural and Dynamic Features of the Immuno-Active GTPase hGBP1 -
a Single Molecule Study
Carola S. Hengstenberg1, Alessandro Valeri2, Thomas Peulen2,
Markus Richert2, Tobias Vo¨pel1, Christian Herrmann1, Claus A. Seidel2.
1Ruhr University of Bochum, Germany, Bochum, Germany, Germany,
2Heinrich-Heine-University, Du¨sseldorf, Germany.
Upon penetration of the human body with infectious pathogens a distinct upre-
gulation of Interferon gamma, an inflammatory cytokine, leads to a high level
expression of the human guanylate binding protein 1 (hGBP1) in the target cell.
Cell biological data yield vague information about the hGBP1’s integration into
host defense, but the diversity in defensive effects (e.g. antiviral and -bacterial,
tumor growth inhibitive) is pointing to a great importance in innate immunity.
The biochemistry of hGBP1 in vitro is well characterized. Beside GTP binding
and hydrolysis a characteristic property of hGBP1 is its ability to selfassemble.
In the course of GTP hydrolysis oligomerisation occurs in a highly concentra-
tion depedent manner accelerating of hydrolysis. Morerover, it was found that
this process involves extensive conformational changes inside the protein.
To study these intra- and intermolecular conformational changes - meaning
changes in the distance - via fluorescence resonance energy transfer multipa-
rameter fluorescence detection under single molecule conditions as well as
other advanced fluorescent techniques were applied. Therefore cysteines
were introduced at distinct positions by site-directed mutagenesis and labelled
with a FRET dye pair and measurements were performed in the presence of dif-
ferent nucleotide analogues. Also, the dependence on the protein concentration
was subjected.
It could be shown that the protein quickly oscillates around the conformation
seen in x-ray data. In the presence of GppNHp or GDP AlFx the molecules ap-
peared to be fixed in the open conformation. Various intramolecular and inter-
molecular distances could be extracted. In the presence of GppNHp either
dependence on nucleotide concentration and protein concentration was found.
These data allow conclusions about the overall oligomerisation dependent
structural and dynamic changes inside hGBP1.
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Coupling Translocation with Nucleic Acid Unwinding by NS3 Helicase
Jin Yu1, Wei Cheng2, Carlos Bustamante1, George Oster1.
1University of California, Berkeley, CA, USA, 2University of Michigan, An
Arbor, MI, USA.
NS3 helicase from hepatitis C virus (HCV) uses the free energy from ATP hy-
drolysis to translocate along single stranded DNA (ssDNA) or RNA, unwind
double-stranded (ds) duplex, or displace proteins along the track. In this work,
we present a semi-quantitative model for translocation and unwinding activities
